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HIGHLIGHTS 
The method consists on solid dilution with MgSO4 as sample preparation method. 
Reagents concentration and ratio were optimized to analyze complex substrates (from 5 to 
2,500 g COD Kg
-1
 TS). Comparison with the standard titrimetric method demonstrated 
much better precision and accuracy, allowing a significant decrease on chemicals 
consumption and toxic waste generation. 
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INTRODUCTION 
The reliable measure of COD of solid substrates has become an issue of concern for many 
laboratories dealing with solid organic matter characterization and/or anaerobic digestion of solid 
waste, but there is a lack of references about the adequate procedures and current results are open to 
some uncertainty (Angelidaki et al., 2009; Yadvika et al., 2006). The objective of the present study 
was to develop a suitable method for improving the precision and the accuracy of the COD measure 
of heterogeneous solid and semi-solid waste. This was based on optimizing the corresponding 
standard method (APHA–AWWA–WPCF, 2005), and applying a previous solid dilution of samples 
when estimated COD values are in the range 2,000 - 3,000 g COD Kg
-1
 TS. Detailed description of 
this method can be found at Noguerol et al. (2012). 
MATERIALS AND METHODS 
Materials, apparatus and reagents 
Experiments were carried out using standard materials, apparatus and reagents as the APHA–
AWWA–WPCF (2005) methods of COD explains. Magnesium sulfate extra pure brand (Scharlau, 
Spain), sodium sulphate and siliceous earth (Sigma-Aldrich, USA), were used to test solid dilutions 
of samples.  
Samples 
Different types of samples were used to confirm the effectiveness of this new COD determination 
method: pig slaughterhouse waste (PSW), other heterogeneous solid or semi-liquid wastes (SSW) 
and two different certified reference materials (CRM) used for final assessment of precision and 
accuracy.  
Procedure 
Solid Dilution Method (SD/SM-CRC) Approximately 200 mg of the raw or lyophilized sample was 
thoroughly mixed and grinded with 1-2 g of magnesium sulphate as diluting agent. 50-200 mg of 
mixture was weighted directly inside the screw-cap test tube. Next, optimized volume and 
concentration of digestion and sulfuric acid reagents were added. Digestion and colorimetric 
determination of COD was identical to the standard method 5220 D-closed reflux colorimetric 
(APHA–AWWA–WPCF, 2005).  
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RESULTS AND DISCUSSION 
Optimized Colorimetric Method (SM-CRC) 
In order to analyze substrates with high COD levels, higher concentrations of K2Cr2O7 in the 
digestion reagent (from 0.5 to 1.0 N), and different ratio of digestion and sulphuric acid reagents 
(from 1:2 to 1:1) were tested. The optimized conditions chosen were 0.5 N K2Cr2O7 and a ratio of 
reagents 1:1. If samples are homogeneous enough, linear range of optimized SM-CRC method can 
be increased by reducing the amount of sample. In those conditions, it was possible determining 
COD in a range from 4.5 to 1,300 g COD Kg
-1
 TS. Although this range is appropriate for most 
substrates, in case of samples with COD levels higher than 1,300 g COD Kg
-1 
TS, like lyophilized 
pig slaughterhouse waste (PSW), it is required a previous sample dilution step before COD 
determination. 
Solid Dilution Method (SD/SM-CRC) 
Since aqueous dilution was impossible, different solid substances were tested to check which could 
yield better results as diluting agent. Best results were obtained using MgSO4.   
The confirmation of the applicability of SD/SM-CRC method to solid samples were carried out 
using standard pure solid substrates, such as KHP standard for COD determination, internationally 
accepted (APHA–AWWA–WPCF, 2005). Theoretical and experimental COD values were 
compared, using results of different solid dilutions of KHP and MgSO4, or Na2SO4, ranging from 14 
to 30 fold. Good correlations between theoretical and experimental values were obtained, with bias 
less than 4%.  A similar approach was applied for real samples, using different PSW substrates and 
estimating theoretical COD values from elemental analysis or from the determined fats and protein 
content. Similar correlations between theoretical and experimental COD values were obtained for 
pure solid standards, such as KHP (bias was around 4%). Then, COD analyses were tested using the 
standard APHA–AWWA–WPCF (2005) open reflux titrimetric method (SM-ORT) as well as the 
optimized SD/SM-CRC method for comparing real samples. This resulted in a significant precision 
improvement; the coefficient of variation (CV) for the SD/SM-CRC method was less than 2%, 
much better than 31% obtained by the SM-ORT method. Finally, two different certified reference 
materials, CRM-1 and CRM-2, were used for final assessment of precision and bias. Both solid 
samples were analysed for COD determination by two different methods: the open reflux titrimetric 
method (SM-ORT) and, after solid dilution of the samples with MgSO4, the novel optimized closed 
reflux colorimetric method (SD/SM-CRC). The theoretical COD was considered to be the assigned 
COD value for each sample (Raposo et al., 2010). The CV was found to be less than 2% for 
SD/SM-CRC method, which was much lower than the CV value for SM-ORT method (around 
10%). On the other hand, the average bias for SD/SM-CRC method was less than 3%, while for 
SM-ORT method it was significantly higher, around 8%. Additionally, 93% reduction in the 
volume of chemicals consumed and toxic waste generated was achieved, providing an economical 
an environmental benefit. 
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